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REMARKS 

Reconsideration of the above-identified application in view of the amendments above 
and the remarks following is respectfully requested. 

Claims 1-43 and 58-77 are currently pending in the application. Claims 7, 20, and 65 
being withdrawn from consideration. Claims 44-57 being cancelled without prejudice. New 
claims 71-77 have been added. No new matter has been presented. 

Information Disclosure Statement 

In section 6, the Examiner argues that a legible copy of WO 2003/105695 
(Globerman) is not provided. Applicant attaches a legible copy of this document herein. 
Applicant believes that this rejection is moot as the missing document is provided. 

Drawings 

In section 8, the Examiner objects the drawings to under 37 CFR 1.83(a). In particular, 
the Examiner argues that the drawings do not depict an implant wherein only one of two 
extensions includes a plurality of hinges, as recited in claim 7. Applicant respectfully 
disagrees. FIGS. 8A-8F depicts extensions with hinges in various flaring stages. Among these 
figures, FIGS. 8B, 8D, and 8F depict single extensions with hinges. As described in the 
present application, various configurations of extensions may be used. For example, 
paragraph [0088] describes hinges, such as the slits depicted in FIGS. 8B, 8D, and 8F, which 
are defined in one or more extensions. Similarly, paragraph [0098] does not limit the location 
or distribution of the hinges in the implant. 

The examiner further argues that the drawings do not depict an implant with 
extensions extending axially away or axially towards the body prior to moving apart of the 
anchor points, as recited in claims 20 and 21. Applicant respectfully disagrees. FIGS. 9A-9F 
of the present application illustrates schematically various out of plane distortion designs for 
implants, in accordance with an exemplary embodiment of the invention. While FIG. 9A-9C 
depicts a stent with extensions which may extend axially away the body prior to moving apart 
of the anchor points, FIG. 9F depicts extensions which may extend axially toward the body 
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prior to moving apart of the anchor points. In light of the above, Applicant believes that the 
drawings comply with the requirements of 37 CFR 1.83(a). 

Claims Objections 

In section 9 of the report, the Examiner is objected to Claims 2, 4-6, and 42 because of 
a number of informalities. Applicant amended Claims 2, 4-6, and 42 according to the 
Examiner suggestions in section 9. No new matter has been added. Applicant believes that 
this rejection is moot as the pointed informalities were removed according to the Examiner 
suggestions. 

35 U.S.C. § 112 Rejections 

In sections 1-2 of the report, the Examiner has rejected Claims 1-6, 8-19, 21-38, 58- 
60, and 64 under 35 U.S.C 1 12, second paragraph as being indefinite for failing to particularly 
point out and distinctly claim the subject matter. Without prejudice and in order to clarify the 
scope of the limitations in the claims, Applicant amended Claims 1-6, 8-19, 21-38, 58-60, and 
64 to overcome the Examiner's rejection. 

In claim 1, Applicant replaced the term "two anchor points" with the term a "two 
implant points". Basis for this amendment is found, inter alia, in page 3 paragraphs [0030]- 
[0034] of the present application. The term "anchor points" is defined in the original 
description and claims. However, in order to clarify the scope of the claims, Applicant 
amended claim 1, the dependent claims that include the term to better indicate that the points 
are selected on the body of the implant, as described in the text. 

In claims 3-6, Applicant defined the term "one elongate extension" in claim 1 so as to 
provide sufficient antecedent basis to this term in these claims. 

In claim 3, Applicant replaced the term "the other, coupled, extension" with the term 
"another of said at least two elongate extensions". 

In claims 8-9 and 26, Applicant replaced the added the limitation of withdrawn claim 
7 or changed the dependency of the respective claim to claim 7. 

In claim 30, Applicant amended the rejected wording according to the Examiner kind 
suggestion. 
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In claims 31-36, Applicant replaced the term "said flaring" with the term a "said flared 
section". 

In claim 37, Applicant amended the dependency of the claim from claim 1 to claim 29 
that define a stent. 

Applicant believes that this rejection is moot as the amended claims are now clear and 
concise. 

New claims 

As described above, new claims 71-77 have been added herewith. Claim 71 is 
dependent claim disclosing additional features of the stent of amended claim 66. The basis for 
the new claims is disclosed in the present application; for example, the basis for claims 71-77 
is found, inter alia, in paragraph [0095] and [0123] and FIG. 9F of the present application. 
The basis for claims 75-76 is respectively found in paragraphs [001 1], [0012] and [0101] of 
the present invention. No additional matter is added by the new claims. 



Claims Rejections under 35 USC 102(b) 



Claims 1-6. 8-19, 21-38. 58-60. and 64 

In section 20, The Examiner rejected Claims 1-6, 8-19, 21-38, 58-60, and 64 under 35 
USC 102(b) as being anticipated over U.S. Patent Application 2004/0138737 of Davidson et 
al (hereinafter: Davidson). 

Applicants respectfully disagree with the rejection as Davidson does not qualify as 
prior art according to 35 U.S.C. 103(a) 1 . Davidson was filed after the priority date of the 



1 35 U.S.C 103(a), quoted below (emphasis added): 

(1) Subject matter developed by another person, which qualifies as prior art only under one or more of subsections (e), (f), and 
(g) o f section 102 of this title, shall not preclude patentability under this section where the subject matter and the claimed 
invention were, at the time the claimed im>ention was made, owned by the same person or subject to an obligation of assignment 
to the same person. 

Subsections (e), (f), and (g) o f section 102 of this title defines the following (emphasis added): 

"(e) the invention was described in — (I) an application for patent, published under section 122(b), by another filed in the United 
States before the invention by the applicant for patent or (2) a patent granted on an application for patent by another filed in the 
United States before the invention by the applicant for patent, except that an international application filed under the treaty 
defined in section 351(a) shall have the effects for the purposes of this subsection of an application filed in the United States only 
if the international application designated the United States and was published under Article 21(2) of such treaty in the English 
language; 

(f) he did not himself invent the subject matter sought to be patented, or 

(g) (1) during the course of an interference conducted under section 135 or section 291, another inventor involved therein 
establishes, to the extent permitted in section 104, that before such person's invention thereof the invention was made by such 
other inventor and not abandoned, suppressed, or concealed, or (2) before such person's invention thereof, the invention was 
made in this country by another inventor who had not abandoned, suppressed, or concealed it. In determining priority of 
invention under this subsection, there shall be considered not only the respective dates of conception and reduction to practice of 
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present application. In particular, Davidson was filed in August 21 , 2003, more than a month 
after the filing date of the present application, June 12, 2003. 

The earliest priority date of Davidson is August 21, 2002, the filing date of a US 
Provisional application No. 60/404,756. However, Claims 1-6, 8-16, 21-38, 58-60 and 71 of 
the present application claim priority from provisional application number 60/387,930, which 
was filed on June 13, 2002. Accordingly, this rejection is moot. 

It should be noted that the Davidson is a continuation in part of U.S. Patent No. 
application No. 09/668,687, filed on Sep. 22,2000, which is a continuation-in-part of 
application No. 09/326,445, filed on Jun. 4, 1999, now Pat. No. 6,325,826. Davidson is also a 
Continuation-in-part of application No. 10/440,401, filed on May 19, 2003, which is a 
continuation of application No. 09/750,372, filed on Dec. 27, 2000, now Pat. No. 6,599,316. 
Davidson is also a Continuation-in-part of application No. 09/963,1 14, filed on Sep. 24, 2001, 
now Pat. No. 6,706,062, which is a continuation of application No. 09/326,445, filed on Jun. 
4, 1999, now Pat. No. 6,325,826, which is a continuation-in-part of application No. 
PCT/US99/00835, filed on Jan. 13, 1999, which is a continuation of application No. 
09/007,265, filed on Jan. 14, 1998, now Pat. No. 6,210,429, which is a continuation-in part of 
application No. 08/744,002, filed on Nov. 4, 1996, now abandoned. Applicant reviewed these 
applications and did not find any basis for the Examiner arguments. The Examiner bases his 
arguments on FIGS. 21 and 22 and the related description of Davidson. These figures and the 
related description are missing from these applications. FIGS. 21 and 22 and the related 
description are found only in Davidson which was filed after the filing date of the present 
application. 

Applicant asserts that amended claim 1 is an allowable main claim and that dependent 
claims 5-6, 8-16, 21-38, 58-60 and 71 are consequently allowable as being dependent on an 
allowable main claim. 

Claims 39-43. 61. and 63 

In section 21, The Examiner rejected Claims 39-43, 61, and 63 under 35 USC 102(b) 
as being anticipated over U.S. Patent No. 6,428,550 of Vargas et al (hereinafter: "Vargas"). 

In order to clarify the scope of the claimed invention according to the differences 
between Vargas and the present invention, Applicant has amended independent claim 1 . 

One of the distinguishing features relied upon is that amended claim 39 now recites a 
stent that is sized and shaped to be placed in a vascular bifurcation. In contrary, Vargas 



the invention, but also the reasonable diligence of one who was first to conceive and last to reduce to practice, from a time prior 



14 



describes an anastomosis device designed for connecting a graft vessel to a target vessel, see 
column 4, lines 10-25, column 6 lines 9-21, and FIGS. 4 and 5 of Vargas. As such, Vargas 
device cannot be placed in a vascular bifurcation as it is designed to place a graft vessel in an 
opening of a target vessel, see column 4 lines 38-52. Such an opening that cannot be formed 
used as a stent, inter alia because Vargas's anastomosis device is not sized and shaped for 
being mounted in a vascular bifurcation. 

Vargas's device is sized and shaped to be placed in an opening punctured in a blood 
vessel and not mounted in the lumen of a blood vessel as recited in amended claim 39. Based 
on the above, Applicant asserts that amended claim 39 is an allowable main claim and that 
dependent claims 40-43, 61, and 63 are consequently allowable as being dependent on an 
allowable main claim. 

Claims 66-69 

In section 22, The Examiner rejected Claims 66-69 under 35 USC 102(b) as being 
anticipated over Davidson. The arguments made above in respect of the novelty of claims 1 
apply mutatis mutandis to independent claim 66. Based on the above, Applicant asserts that 
the amended claim 66 is an allowable main claim and that dependent claims 67-69 are 
consequently allowable as being dependent on an allowable main claim. 

Based on the above, Applicant asserts that the amended claims 1 , 39 and 66 are 
allowable main claims and that dependent claims 2-6,8-16,21-38,58-60, 40-43, 61, 63-64, and 
67-69 are consequently allowable as being dependent on an allowable main claim. 

35 U.S.C. § 103 Rejections 

In section 24 of the report, Claims 17-19 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Davidson in view of Vargas. 
Claims 17-19 

With regard to claims 17-19, Applicant asserts that amended claim 1 is allowable 
independent claim, as described above and consequently 17-19 are allowable as being 
dependent on allowable independent claim 1 . 



Claims 39-43 and 61-63 



to conception by the other. " 
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In section 25 of the report, Claims 39-43 and 61-63 are rejected under 35 U.S.C. 
103(a) as being unpatentable over Davidson in view of Vargas. Applicants respectfully 
disagree with the rejection as Davidson does not qualify as prior art according to 35 U.S.C. 
103(a) from the reasons described above. Davidson was filed after the priority date of the 
present application. Accordingly, this rejection is moot. 

In section 26 of the report, Claim 70 is rejected under 35 U.S.C. 103(a) as being 
unpatentable over Davidson in view of Vargas in view of Globerman et. al. US Patent NO. 
6,402,777 (hereinafter: "Globerman"). Applicants respectfully disagree with the rejection as 
Davidson does not qualify as prior art according to 35 U.S.C. 103(a) from the reasons 
described above. Davidson was filed after the priority date of the present application. 
Accordingly, this rejection is moot. 

It should be noted that Vargas describes an anastomosis device designed for 
connecting a graft vessel to a target vessel. Amended claim 39 explicitly recites a stent which 
is sized and shaped to be placed in a vascular bifurcation. The anastomosis device of Vargas 
is sized and shaped for supporting grafts and not to perform as a stent, namely prevent or 
counteract a disease-induced localized flow constriction. Supporting graft vessels requires 
different structure and tension forces. Therefore, Applicant finds no suggestion to combine 
the teachings and suggestions of Vargas with any art which is related to stents, as advanced 
by the Examiner, except from using Appellants' invention as a template through a hindsight 
reconstruction of Appellants' claims. 

In light of the above, Applicant asserts that amended claim 39 is allowable 
independent claim, as described above and consequently 40-43, 61-63 and 70 are allowable as 
being dependent on allowable independent claim 1 . 

Finality of the following office action 

As stated above, inter alia since Davidson was filed after the filing date of the present 
application, the Examiner did not establish the factual findings which are required to support 
the conclusion that at least some of the original claims, for example Claims 1-6, 8-16, 21-38, 
58-60, and 64 would have been obvious to the skilled in the art. Therefore, any rejection that 
will be presented to any of the original claims in the following office action will be based on a 
new ground that is neither necessitated by the Applicants amendments nor based on 
information submitted in an IDS filed during the period set forth in 37 CFR 1.97(c) with the 
fee set forth in 37 CFR 1.1 7(p) . Therefore, the following office action cannot be a final office 
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action, see MPEP: 706.07(a) Final Rejection, When Proper on Second Action [R-6] - 700 
Examination of Applications. 

All of the issues raised by the Examiner have been dealt with. In view of the 
foregoing, it is submitted that Claims 1-6, 8-19, 21-43, 58-64, and 66-77, which are pending 
in the application, are allowable over the cited references. An early Notice of Allowance is 
therefore respectfully requested. 



Date: December 31, 2009 

Enclosures: 

• Petition for Extension (One Month) 

• Additional Claims Transmittal Fee 

• Reference: WO 2003/1 05695 
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MECHANICAL STRUCTURES AND IMPLANTS USING SAID STRUCTURES 

RELATED APPLICATION 

This application claims the benefit under 1 19(e) of 60/387,930 filed June 13, 2002, the 
disclosure of which is incorporated herein by reference. 
5 FIELD OF THE INVENTION 

The present invention relates to the field of mechanical structures and especially 
structures that couple tension force in one plane to force in another plane. 

BACKGROUND OF THE INVENTION 
A main cause of death and disability in the modern world is the stenosis of blood 
10 vessels. Left unchecked, such stenosis can cause degeneration of tissues, such as the kidneys or 
the brain or even the acute failure of a tissue. For example the heart or the brain may 
experience an acute failure if such a stenosed vessel spasms or is clogged by floating debris 
(which debris is often fallout from a different stenosis). 

A common procedure for treating such stenosis includes expanding a stent inside the 
15 stenosis vessel. The stent has an inner lumen sufficient for unobstructed flow of blood 
therethrough and is strong enough to prevent collapse of the vessel onto the lumen. 

Often, however, the stenosis is at a branching in a blood vessel, for example, in the 
coronary vessels where they connect to the aorta. Placing a standard stent in a branch is 
difficult if not impossible. If the stent does not reach the branch, the point of branching will 
20 remain narrowed. If the stent extends beyond the branch, an obstruction is formed. This 
obstruction may cause turbulence and/or interfere with a second catheterization. As 
catheterization typically involves sliding a catheter along the aorta, the catheter tip will bump 
against or go around the protrusion (and the coronary vessel) if the stent extends beyond the 
branch. 

25 US patents 5,607,444 and 5,868,777, the disclosure of which is incorporated herein by 

reference, teaches a stent with a flared section. The flared section, actually a plurality of 
fingers, apparently either flare by themselves or are flared using a special balloon, to engage 
the branching area outside of the vessel in which the rest of the stent is implanted. 

Various mechanisms have been described for causing parts of a tubular structure to 

30 project outside of a surface of the structure. WO 00/44319, for example, the disclosure of 
which is incorporated herein by reference, describes patterning a tube with slits and weakened 
areas so that when the tube is compressed axialiy, a plurality of protrusions formed from the 
tube surface with project in a general radial direction. However, this device is not a stent. WO 
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99/62415, the disclosure of which is incorporated herein by reference, describes various 
mechanism for extending spikes in a radial direction relative to a tube used as an anastomotic 
connector. In one described embodiment, the device is made of a super elastic or shape 
memory material and the spikes are trained to point out, when the device is released. 
5 SUMMARY OF THE INVENTION 

An aspect of some embodiments of the invention relates to a mechanism for controlling 
the distortion of a structure, in which tension forces in a device plane of an implanted device 
cause a portion of the device to exit the device plane. In an exemplary embodiment of the 
invention, the control is achieved by changing the direction of the smallest cross-section 

10 moment of inertia at sections of the device, for example, providing one or more of voids, 
weakening, thinning, thickening and/or stiffening in a manner that is not symmetric relative to 
the device plane, for example, oblique cut-outs and/or voids that do not necessarily connect 
two opposing surfaces of the device. In an exemplary embodiment of the invention, the non- 
symmetric moment of inertia makes the device bend out of plane, when suitable in-plane 

15 forces are coupled to the device and cause bending at the sections with changed cross-section 
moment of inertia. 

The term "device plane" is used herein in a mathematical sense of a two dimensional 
shape (but not necessarily flat) that conforms to the surface of the device, assuming the device 
were of zero thickness. As the device has some thickness, the term device plane also includes 
20 the general volume that is between an inner and outer surface of the device. In the example of 
a cylindrical stent, this volume corresponds to the material that would comprise the stent if it 
were a solid tube. 

In an exemplary embodiment of the invention, the device is formed of a thin material, 
such as sheet metal. It should be appreciated that in cylindrical devices, the device plane is the 

25 surface of a cylinder. In some cases, the cross-section is polygonal, so the device plane is 
piece-wise flat. It should also be noted that in devices formed by cutting sheet metal, the 
device plane is locally parallel to a flat plane that is tangential to the device surface. 

In an exemplary embodiment of the invention, the mechanism is provided as a pair of 
miiror-symmetric elements, connected at one end and assisting in guiding the force 

30 transformation in a desired direction. However, non-symmetric elements may be used, or there 
may be only one bendable element attached to an element with no specific bending points 
defined on it. In an exemplary embodiment of the invention, the elements bend in a direction 
of minimum moment of inertia. By proper design of the bending direction of each element 
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(e.g., the moment of inertia at the bending locations), a certain degree of control may be 
achieved on the bending of the elements, in particular, out of plane bending. 

In an exemplary embodiment of the invention, the modifications function as hinges, 
which, being functionally oblique to the device plane, couple forces in the device plane to 
5 directions outside of the device plane. In the example of a stent, when the stent is expanded 
radially, two fingers that are attached at their tips have their bases pulled apart. This applies a 
stress on the fingers. Assume that the fingers have a shape of a square beam, with the 
modifications comprising a wedge shaped cut, with a base on one side of the beam (and 
parallel to the plane) and an apex at another side thereof. The hinge, being weaker than the rest 

10 of the finger (relative to the applied moment) will tend to bend. However, being oblique, its 
bending includes an out of plane component, which causes the fingers to bend away from the 
stent plane. In an exemplary embodiment of the invention, by providing two or more such 
modifications and/or movement limiting elements the net direction of distortion can be 
controlled to have a significant component out of the plane, with other distortion directions 

1 5 being minimal and/or compensated for. 

Various characteristics of the modification may be set, in order to achieve desired 
results. For example, the depth of a void may be used to define the amount of force required to 
cause a bend at the void. A width of a void may be used to define how far the bending can 
progress before the edges of the void meet and further bending is prevented. 

20 In an exemplary embodiment of the invention, a plurality of modifications that change 

the resistance to bending are provided in straight or uniformly curved sections of an un- 
deployed device, rather than at corners or sharp bends thereof. However, it is noted that in 
some embodiments of the invention, the modified portions may become corners when the 
device is deployed. In an exemplary embodiment of the invention, the location, size, 

25 orientation and/or other properties of the weakening(s) are selected to positively control where 
the device will bend or otherwise distort when it is deployed. Alternatively or additionally, the 
properties are selected in order to positively control an order in which different parts of the 
device distort (e.g., which hinge will bend first can depend on the relative moment of inertia 
and applied forces to each hinge). Alternatively or additionally, the properties are selected to 

30 limit one or more aspects of the distortion and/or to define a final distorted configuration of a 
deployed device. In some exemplary embodiments of the invention, the distortion comprises 
distortion in the device plane and out of the device plane. One or both are optionally controlled 
by selection of the modification locations. 
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In an exemplary embodiment of the invention, the structure is a cylindrical mesh-like 
structure, for example a stent. However, some embodiments of the invention are practiced 
using non-mesh elements and/or for non-stent devices. A particular property of stents and 
similar devices is that they are typically radially expanded during deployment. In an exemplary 
5 embodiment of the invention, this radial expansion is utilized for providing the above 
mentioned in-plane forces. 

In an exemplary embodiment of the invention, a part of the structure is distorted to be 
angled at 25°, 45°, 80°, 90°, 120°, 150° or any smaller, intermediate or greater angle relative to 
the device plane. These angles are exemplary of various bifurcation angles found in various 
1 0 blood vessels and/or other hollow organs in the body. 

In an exemplary embodiment of the invention, the modification (e.g., void, weakened 
area) is formed at an oblique angle relative to the device plane. Alternatively, the modification 
is perpendicular to the device plane. Optionally, the sides of a void are used to define a limit 
on distortion, to be reached when such a void is distorted enough so its sides contact each 
15 other. 

In an exemplary embodiment of the invention, the modifications comprise voids. 
Optionally, the voids comprise slots with a continuously varying depth, for example, at a fixed 
angle to the plane. Alternatively or additionally, the voids comprise slots sections with fixed 
depths. Slot sections of different depths may be located side by side to approximate an inclined 

20 slot In a plane parallel to the device plane, the slots may be, for example, straight, curved or 
symmetric (e.g., round). The slot may lie in a plane perpendicular to or oblique to the device 
plane. Alternatively or additionally, at least some slots do not wholly lie in a single plane. The 
slot may have a fixed or a varying profile geometry, for example, a pyramid or a cylinder 
shaped void may be provided. In some embodiments of the invention, a slot is formed in 

25 straight, elongate section of the device, along which tension forces are applied. Such a slot is 
optionally in a plane perpendicular to the direction of the tension forces. Alternatively, the 
plane of the slot may be aligned based on the desired distortion. Similar geometrical 
considerations may be applied to weakenings and stiffenings (e.g., the shape of the 
modification). 

30 In some embodiments of the invention, a single slot is approximated by a series of 

slots, voids and/or slot sections, for example the series approximating a slot shape and/or a slot 
orientation. 



4 



WO 03/105695 PCT/IL03/00503 

Optionally, a stiffening treatment or a thickening or widening of the device is provided 
to prevent bending at locations and/or in directions where bending would otherwise be 
facilitated by the provision of the modifications. 

In an exemplary embodiment of the invention, the modification is provided in an inner 
5 part of the hinge defined by the modification. Alternatively or additionally, the modification is 
provided in an outer part. It should be appreciated that the direction of bending of a hinge is 
determined, in part by the modification symmetry. For example, if from a square cross-section 
two triangles with bases that are opposing and parallel to a diagonal of the square are removed, 
the preferred bending direction may depend on the symmetry of the profile relative to the 

10 diagonal, for example, with bending preferred towards the direction which has a smaller 
moment of inertia (e.g., has a smaller cross-section). Alternatively or additionally, the bending 
direction may depend on the direction of application of force and/or on other modifications 
made in the structure, which, for example also induce out of plane distortion. 

In an exemplary embodiment of the invention, the device is designed to have a limited 

15 (e.g., at least for a particular applied force) extension of the non-planar sections. In an 
exemplary embodiment of the invention, the modified areas have a bending profile that is 
stepped, so that once a certain bending and/or twisting is achieved, further bending cannot take 
advantage or takes lesser advantage of the modification, thus preventing or reducing further 
out of plane distortion. Alternatively or additionally, one or more struts or wires are provided 

20 to limit the relative movements (e.g., away and/or towards each other) of points on the device, 
thus limiting and/or otherwise controlling out of plane motions. It should be noted that a series 
of modified areas may be used, each of which may each define one part of a bending profile, 
so that as a unit they define a complex bending profile. 

Optionally, the device comprises a plurality of parts that are moved off the device plane 

25 by the methods described above. The movements of these parts may be coupled and/or 
restricted to each other, for example, causing one part to distort less if another part distorted 
more and/or controlling the relative direction of distortion. Alternatively, one or more 
independent distorting parts may be provided. 

In an exemplary embodiment of the invention, a stent is provided having a cylindrical 

30 stent portion and a flaring portion. This stent is optionally used in a branching vessel stenosis 
situation, especially if the branch is near perpendicular. The cylindrical section goes into the 
branching vessel and the flaring portion caps the bifurcation area in the main vessel. 
Optionally, the geometry of the flaring section (but not its orientation) is fixed using coupling 
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between the out-of-plane motion of various parts thereof. Optionally, the flaring portion 
defines a plurality of fingers. Alternatively or additionally, the flaring portion defines a mesh. 
The stent may be, for example, plastically, elastically, super-elastically deformed and/or use a 
shape memory mechanism. Optionally, the degree of flaring is limited to defining a cap having 
5 an internal angle of less than 180, for example, 170° or 160°, or any intermediate or smaller 
angle. This limitation may be useful to prevent strain on blood vessels in some anatomical 
and/or physiological situations. 

Optionally, or alternatively, out of plane portions of a stent are used to anchor the stent. 
Optionally, the out of plane structures are provided at a point in the stent away from its end, 
10 for example at its middle, for example, to define one or more protrusions. Alternatively or 
additionally, the mechanism is used to provide a bend in the stent during deployment. 
Alternatively or additionally, the structures are not radially symmetric with respect to the stent 
axis. 

An aspect of some embodiments of the invention relates to controlling deformation of a 

15 medical implant. In an exemplary embodiment of the invention, modifications are provided in 
a manner that is not symmetric to a device plane nor to an axis of a structural element part 
being modified. Optionally, when the device is expanded (or, for some devices, two parts of 
the devices are brought together or brought apart), these modifications cause the extension or 
twisting outwards of, for example, one or more barbs or flared segments suitable for anchoring 

20 the device, for example a stent. 

An aspect of some embodiments of the invention relates to an advance limiter for use 
in an ostial stenting. In an exemplary embodiment of the invention, a stent is positioned in a 
branching side vessel using a catheter. In an exemplary embodiment of the invention, the 
catheter and/or the stent include an advance limiter that assists in positioning of the stent in a 

25 desired axial position relative to the branch. In some embodiments of the invention, the stent 
expands in an oblique manner and/or flares in an oblique manner. In an exemplary 
embodiment of the invention, when the advance limiter is deployed, the catheter turns so that a 
known angular sector of the catheter is in the direction of minimum (or maximum) bend of the 
catheter. This may be done, for example, by a balloon advance limiter, which has an oblique 

30 back end that is axially aligned with the bending location of the catheter, so that when the 
balloon is inflated, it causes the catheter to rotate until the bend location is properly aligned 
with, for example, a notch in the balloon. 
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In an exemplary embodiment of the invention, the stent is at least partially expanded 
before it is advanced all the way, such that a flaring part of the stent increases in radius enough 
to assist in positioning the stent. Optionally, the stent is then expanded more, which may or 
may not affect the degree of flaring of the flaring portion, depending on its design. 
5 Alternatively or additionally, the catheter comprises a balloon or an extendible structure of 
another kind that, when extended, prevents axial advance into the side vessel beyond a desired 
amount. 

An aspect of some embodiments of the invention relates to a mesh stent having at least 
one end that is more readily expandable than a center and other end of the stent. In an 
10 exemplary embodiment of the invention, the mesh is designed to allow it to expand enough to 
flare out to about or more than 90 degrees relative to an axis of the stent. In an exemplary 
embodiment of the invention, when the stent is expanded using a single long balloon, the 
flaring portion expands first, for example, when a first balloon pressure is reached and the rest 
of the stent expands when a second balloon pressure is reached. In an exemplary embodiment 
15 of the invention, the mesh sections of the stent comprise coiled or folded sections (e.g., folded 
in the device plane), to allow for a relatively greater expansion of the flaring portion. 

There is thus provided in accordance with an exemplary embodiment of the invention, 
a deformable medical implant, comprising: 

a body defining at least two anchor points, which body is adapted to be deformed so 
20 that the two anchor points are moved relative to each other; 

at least two elongate extensions, each extension fixed to one anchor point; 

a bridge coupling at least two of said extensions to each other; and 

at least two hinges defined on at least one of said extensions, two of said at least two 
hinges having different preferred bending directions and being defined on one extension. 
25 Optionally, said two elongate extensions each comprise a plurality of hinges. Optionally, the 
hinges on said one elongate extension are a mirror of the hinges on the other, coupled, 
extension. 

Alternatively or additionally, the hinges on said one elongate extension have different 
axial locations than corresponding hinges a second, coupled, elongate extension. 
30 In an exemplary embodiment of the invention, at least one of the hinges on said one 

elongate extension has a hinge bending direction different from corresponding hinges a 
second, coupled, elongate extension. 
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In an exemplary embodiment of the invention, at least one of the hinges on said one 
elongate extension has a resistance to bending different from corresponding hinges a second, 
coupled, elongate extension. 

In an exemplary embodiment of the invention, only one of said at least two elongate 
5 extensions comprises a plurality of hinges. 

In an exemplary embodiment of the invention, at least two of said plurality of hinges 
have bending axes that are oblique to a device plane of said body, said device plane being a 
substantially two-dimensional mathematical surface conforming to the general geometry of the 
device. 

10 In an exemplary embodiment of the invention, at least one of said plurality of hinges 

has a preferred bending direction in a device plane of said body, said device plane being a 
substantially two-dimensional mathematical surface conforming to the general geometry of the 
device. Optionally, at least one of said plurality of hinges has a preferred bending direction 
perpendicular to a device plane of said body, said device plane being a substantially two- 

15 dimensional mathematical surface conforming to the general geometry of the device. 

In an exemplary embodiment of the invention, said hinges are arranged to cooperate 
with said bridge to bend said extensions in a direction including a component perpendicular to 
a device plane of said body, when said anchor points are moved apart, said device plane being 
a substantially two-dimensional mathematical surface conforming to the general geometry of 

20 the device. Optionally, said hinges are arranged to bend at least one of said extensions at at 
least two points, in different directions. 

In an exemplary embodiment of the invention, said hinges are arranged to bend said 
extensions at least 45 degrees away from said device plane. Optionally, said hinges are 
arranged to bend said extensions at least 80 degrees away from said device plane. Optionally, 

25 said hinges are arranged to bend said extensions at least 90 degrees away from said device 
plane. Optionally, said hinges are arranged to bend said extensions at least 120 degrees away 
from said device plane. 

In an exemplary embodiment of the invention, at least one of said hinges comprises 
cuts in said extension. Alternatively or additionally, at least one of said hinges comprises a 

30 weakening in a position along said extension. Alternatively or additionally, at least one of said 
hinges comprises a bore in said extension. Alternatively or additionally, said extensions extend 
axially away from said body, prior to moving apart of said anchor points. 
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In an exemplary embodiment of the invention, said extensions extend axially towards 
said body, prior to moving apart of said anchor points. Alternatively or additionally, said 
bridge is defined at an end of said extensions. Alternatively or additionally, said bridge is 
defonnable. Optionally, said bridge is more resistant to bending than said hinges. 

5 In an exemplary embodiment of the invention, said hinges are plastically defonnable. 

Alternatively or additionally, said plurality of hinges comprise at least three hinges on a single 
extension. Alternatively or additionally, said body is cylindrical. Alternatively or additionally, 
said implant is adapted for implanting in a blood vessel. 

In an exemplary embodiment of the invention, said implant is a stent. Optionally, said 

10 implant comprises a plurality of extensions such that said plurality of extensions define a 
flared section for said stent. Optionally, said flaring is symmetric. Alternatively or additionally, 
said flaring has an axis that is at an angle to an axis of said stent. Alternatively or additionally, 
said flaring comprises a coupling between different extensions such that a flaring angle at one 
side of the flare compensate for a flare angle at another side of the flare. 

15 In an exemplary embodiment of the invention, said flaring is defined on a side of said 

stent Optionally, said flaring has an axis generally perpendicular to an axis of said stent. 
Alternatively or additionally, said flaring is generally cylindrical. 

In an exemplary embodiment of the invention, said stent is a mesh stent. Optionally, 
said flared section is a mesh. 

20 There is also provided in accordance with an exemplary embodiment of the invention, 

a method of distorting a medical implant structure having two extensions coupled at a point 
thereof, comprising: 

changing the relative position of two points on said extensions that are distanced from 
said coupling point; 

25 transforming, using a plurality of pre-defined hinges, tension forces applied by said 

changing into forces that bend said structure in a plane outside of a plane defined by said 
changing and by at least a planar portion of said extensions. Optionally, said structure is 
cylindrical. Optionally, said changing is applied by radially expanding said cylindrical 
structure. Alternatively or additionally, transforming comprises flaring out said extension to 

30 more than 50 degrees relative to an axis of said cylinder. Optionally, said flaring includes a 
change in angle relative to said axis, along said extensions. 

In an exemplary embodiment of the invention, said medical implant is inside a body 
during said changing and transforming. 
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There is also provided in accordance with an exemplary embodiment of the invention, 
a method of implanting a stent, comprising: 

conveying a stent to a bifurcation location; 

extending at least one advance limiter which is not part of said stent; 
5 advancing said stent until said advance limiter contacts a vessel of said bifurcation of 

other than a vessel in which said stent is to be implanted; and 
expending said advanced stent. 

Optionally, extending comprises expanding a mechanical structure. Alternatively, 
extending comprises inflating an inflatable structure. 
10 There is also provided in accordance with an exemplary embodiment of the invention, 

a catheter including an advance limiter, comprising: 

a catheter adapted to carry a stent thereon; and 

an advance limiter configured to selectably extend in a general direction of an axis of 
said catheter, and away from said catheter. Optionally, said advance limiter is configured to 
1 5 extend in a direction of said stent and extend at least partly past a plane that is perpendicular to 
an axis of said stent. Alternatively or additionally, said advance limiter comprises a balloon 
structure. Alternatively or additionally, said advance limiter comprises a mechanically 
extending structure. Optionally, said advance limiter comprises a self-extending structure. 
Alternatively, said advance limiter comprises a manually-extending structure. 
20 There is also provided in accordance with an exemplary embodiment of the invention, 

mesh stent comprising: 

a cylindrical body adapted to be inserted in a body and stent a blood vessel; and 
a mesh flared section adapted to flare out to more than 90 degrees without tearing of 
said mesh. Optionally, said flared section comprises a plurality of radially expandable sections 
25 and wherein said radially expandable sections each includes a wire section with one or more 
bends and wherein a length of wire in said sections increases when going in a direction away 
from a center of said body. Optionally, a number of said bends increases in said direction. 
In an exemplary embodiment of the invention, said stent is cut from a sheet or tube. 
BRIEF DESCRIPTION OF THE FIGURES 
30 Non-limiting embodiments of the invention will be described with reference to the 

following description of exemplary embodiments, in conjunction with the figures. The figures 
are generally not shown to scale and any measurements are only meant to be exemplary and 
not necessarily limiting. In the figures, identical structures, elements or parts which appear in 
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more than one figure are preferably labeled with a same or similar number in all the figures in 
which they appear, in which: 

Figs. 1A-1D illustrate a method of implanting an ostial stent in accordance with an 
exemplary embodiment of the invention; 
5 Fig. 2 illustrates advance limiters, in accordance with some exemplary embodiments of 

the invention; 

Fig. 3 is a plan view of an ostial stent in accordance with an exemplary embodiment of 
the invention; 

Fig. 4 is an enlarged view of an ostial end of an ostial stent, as in Fig. 3, in accordance 
1 0 with an exemplary embodiment of the invention; 

Figs. 5 and 6 are cross-sectional views of the ostial portion of the stent of Fig. 4, at two 
planes of modification of the stent, in accordance with an exemplary embodiment of the 
invention; 

Fig. 7 is a schematic showing of a single flareable element, in accordance with an 
1 5 exemplary embodiment of the invention; 

Figs. 8A-8F show the element of Fig. 7 in various flaring stages, in accordance with an 
exemplary embodiment of the invention; 

Figs 9A-9F illustrate schematically various out of plane distortion designs for implants, 
in accordance with an exemplary embodiment of the invention; 
20 Figs. 10A-10F illustrate various voids and void series for supporting a distortion 

mechanism in accordance with an exemplary embodiment of the invention; 

Fig. 10G illustrates a flaring element having more than two sets of hinges, in 
accordance with an exemplary embodiment of the invention; 

Fig. 1 1 illustrates a stent in which the flared section is made of a mesh, in accordance 
25 with an exemplary embodiment of the invention; and 

Fig. 12 illustrates an ostial stent in accordance with an alternative exemplary 
embodiment of the invention; 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
Figs. 1 A-1D illustrate a method of implanting an ostial stent 1 10 in accordance with an 
30 exemplary embodiment of the invention. 

A main vessel 100 meets a side vessel 102 at a bifurcation point 104, also known as an 
ostium. Often, ostium 104 has a reduced diameter, due, for example, to deposits of plaque. A 
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standard treatment is implanting a stent near the ostium. In an exemplary embodiment of the 
invention, stent 1 10 is implanted at the ostium and supporting the ostium. 

Fig. 1A shows a pre-stenting situation, while a 90 degree angle of branch 102 is shown, 
the bifurcation angle can be any angle that is found in the body, e.g., between 0 and 90 degrees 

5 (for the smaller of the two angles). 

In Fig. IB, a guide wire 106 is snaked through ostium 104 and a catheter 108, having a 
balloon 112, on which stent 110 rides, is guided along the guide wire. Other methods of 
providing stent 110 to the ostium, besides balloon riding and using guidewires may be used, 
for example as known in the art. Alternatively or additionally, some local treatment may be 

10 performed prior to providing stent 110, for example, expansion of a balloon in the ostium. 
Stent 1 10 may be of various types. In some embodiments of the invention a self flaring stent as 
described below is provided. In other embodiments, for example in conjunction with a limiter 
as shown in Fig. 2, a standard or prior art flareable stent may be provided. 

In Fig. 1C, stent 1 10 is aligned in the ostium, for example using methods described in 

15 Fig. 2 and/or using fluoroscopic or other imaging techniques. Balloon 112 is then inflated. 
Balloon 112 may be, for example, a standard type balloon, an elongate balloon or a specialized 
balloon, for example as described below. 

In Fig. ID, stent 110 is already expanded to engage vessel 102 and flared, to cover 
ostium 104. The guidewire and catheter 108 have been removed. 

20 As noted above, one potential problem is correct axial placement of the ostial stent in 

ostium 104. In an exemplary embodiment of the invention, correct axial placement is provided 
by limiting the advance of stent 110, for example, by providing a flaring on stent 1 10 and/or 
providing a limiting mechanism on catheter 108. Fig. 2 illustrates advance limiters, in 
accordance with some exemplary embodiments of the invention. Several different mechanisms 

25 are shown on the same catheter. In practice, typically only one of these is used in a particular 
case. 

In one exemplary embodiment of the invention, a balloon extension 202 is provided on 
catheter 108. When balloon 202 is expanded, the effective diameter of catheter 108 is greater 
than that of vessel 102, thus limiting the advance of catheter 108 and stent 110. Balloon 202 is 
30 shown as a finger, of which a plurality may be provided. Optionally, the finger contacts the 
wall of vessel 100 past a point of flaring of stent 110, so that it does not interfere with its 
flaring. Balloon 202 is optionally inflated by the same inflation lumen as balloon 112, as 
generally lower inflation pressures are needed. Alternatively, a skirt shaped balloon is 
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provided. Alternatively, the balloon may be spherical. Optionally, the balloons 202 (for a 
multi-finger embodiment) are not all the same length, defining a desired approach angle to side 
vessel 102. 

Optionally, the catheter tends to align its orientation with respect to the side vessel. In 
5 an exemplary embodiment of the invention, balloon 202 is a single balloon with a slot defined 
so that the catheter naturally is urged to rotate and align the slot with the balloon. In this way, 
the stent may have its oblique orientation matched with a vessel's oblique orientation. A 
similar modification may be provided for other balloon schemes. 

In an alternative embodiment of the invention, a mechanical mechanism is provided as 
10 an advance limiter. For example, an axially slotted tube 208 is provided on catheter 108. a 
forward end 206 of tube 208 is restrained, for example by attachment to catheter 108 or using 
an inner tube (not shown) that is held outside the body. When tube 208 is advanced, the slots 
define one or more fingers 204. 

In an alternative embodiment of the invention, the axial alignment is visual. In one 
15 example, a radio-opaque fiduciary mark 210 is provided on stent 110 and a fluoroscope (for 
example) is used, to determine when mark 210 is aligned correctly. In case of an oblique 
connection, a ring of radio-opaque material or a plurality of marks is optionally provided. 

In an alternative embodiment of the invention, stent 1 10 includes a flaring section 212 
that is flared (and/or expanded radially) prior to complete radial expansion of stent 110, so 
20 stent 110 can still be advanced into side vessel 102. In the case of a super elastic, elastic or 
shape memory stent, a flareable outer tube (e.g., like tube 208) may be provided, to allow the 
stent to flare before being axially advanced. 

In an exemplary embodiment of the invention, stent 110 is partially inflated, so that 
section 212 flares. One possible way of partial flaring is using a balloon that expands first or 
25 only adjacent flared section 212, thereby flaring it before expanding stent 110 an undue 
amount. Alternatively or additionally, flared section 212 may be weakened or be constructed to 
be weaker, so that it expands first. Alternatively or additionally, flared section 212 may include 
an elastic, shape memory or super elastic component, which allows it to flare without and 
balloon expansion. Alternatively or additionally, stent 110 is a self-flaring stent as described 
30 below, in which partial expansion of stent 110 flares section 212 partially or completely. 

Once sufficient flaring is provided, for example being visible on a fluoroscope (e.g., 
using radio-opaque markets on stent 110 if necessary), the stent is advanced until the flared 
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section 212 is correctly in contact with ostium 104 and then the expansion and, possibly flaring 
of stent 1 10 are completed. 

Fig. 3 is a plan view of an ostial stent 300 in accordance with an exemplary 
embodiment of the invention. A first part of stent 300 is a cylindrical section 302, which may 
5 be, for example, of any construction known in the art for radially expandable stents or other 
types of stents. A second part of stent 300 is a flaring section 304. The two parts may be 
attached using means known in the art, for example welding, mechanical attachment, soldering 
and gluing. Alternatively or additionally, they may be formed of a single piece, for example a 
tube or a sheet. In an exemplary embodiment of the invention, section 304 comprises a 

10 plurality of flare segments 306 that are attached to cylindrical section 302 by pairs of fingers 
308 and 310. In some embodiments, more than two fingers are provided, for example three or 
more. In an exemplary embodiment of the invention, fingers 308 are mirror-symmetric with 
respect to the axis of stent 300 and include a plurality of hinge locations, described below. In 
some embodiments of the invention, alternatively or additionally, one or more of the fingers is 

15 replaced by a differently formed element, for example a rigid strut or a finger with a different 
number of hinge locations and/or hinges of different types than those of the other finger. 

Optionally, one or more radio opaque markers or bands are provided on the stent, for 
example, at the tip of the flaring section, at the junction between the flaring section and the 
body, at the bend location and/or along the body. 

20 Fig. 4 is an expanded view of flaring section 304, in accordance with an exemplary 

embodiment of the invention. The figure is shown at an oblique angle, to better emphasize the 
hinges. As shown, finger 308 has two hinges, 410 and 414 defined on it and finger 310 has 
hinges 412 and 416 defined on it. As shown, the hinges are formed by oblique cuts, however, 
other methods of forming hinges may be used, for example as described below. In this 

25 embodiment, hinges 410 and 412 face each other and tend to support bending of the fingers 
towards each other and out of the plane towards an observer. It should be noted that the hinges 
are activated by fingers 308 and 310 being pulled away from each other, by radial expansion of 
stent 300. Hinges 414 and 416 face away from each other and towards the observer. As will be 
explained below, this design on hinges has a net effect of bending segment 306 towards an 

30 observer, while accommodating at least some stresses induced by this distortion and/or 
supporting the displacement of the fingers from each other, at their base. 

Figs. 5 and 6 are cross-sectional views of the ostial portion of the stent of Fig. 4, at two 
planes of modification of the stent, in accordance with an exemplary embodiment of the 
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invention. Fig. 5 shows a cut through lower hinges 410 and 412. Fig. 6 shows a cut through 
upper hinges 414 and 416. 

Fig. 7 is a schematic showing of a single flareable element 700, in accordance with an 
exemplary embodiment of the invention. Element 700 comprises two fingers, 708 and 709, 
5 that move apart as shown by arrow 702. The fingers are attached at one end by an apex 706. As 
in Fig. 6, finger 708 and 709 define mirror images of hinges, bottom hinges 710 and 712 and 
upper hinges 714 and 716. While the hinges are shown as obliquely cut slots, other forms may 
be provided as well. Optionally, a back section 718 of a hinge is removed, to reduce a 
resistance to bending offered by that part of the hinge, especially in materials resistant to 
1 0 elongation, and/or to prevent tearing or other distortion of the hinge. 

Figs. 8A-8F show flaring element 700 in various flaring stages, in accordance with an 
exemplary embodiment of the invention. Fig. 8A is a front view similar to Fig. 7. Fig. 8B is a 
side view of Fig. 8 A. 

Figs. 8C and 8D show element 700 after the bases of fingers 708 and 709 have been 

15 displaced radially a small amount. Apex 706 prevents the tips ends of fingers 708 and 709 
from also moving apart, which results in strain in element 700. If apex 706 and especially a 
bifurcation point 704 thereof are rigid enough, the strain must be relieved by distortion of 
fingers 708 and 709. If the attachment of the fingers at their base is also rigid, the preferred 
distortion point is defined by the hinges. However, rather than giving in the direction of the 

20 strain, the hinges add an out of plane component to the distortion. 

In Figs. 8E and 8F, the fingers have been moved further apart. In an exemplary 
embodiment of the invention, as shown, the hinges optionally define a maximum bend allowed 
by the hinges, for example, hinge 712 reaches its maximal bend when its two end points 720 
and 722 meet In Fig. 5, these points are cut in the shape of a plane, to ensure better contact 

25 and/or less distortion when they meet As shown in Figs. 8E and 8F, flaring element 700 
reaches its maximal bend out of the plane at this point. Possibly, if the stent is expanded 
further and fingers 708 and 709 move further apart, the stress will cause distortion at points of 
the stent other than the hinges. In one example, apex 706 gives at bifurcation 704. 
Alternatively or additionally, the points of attachment at the bases of the fingers give or the 

30 areas below hinges 710 and 712. 

In some embodiments of the invention, the distortion of the hinges includes a plastic 
deformation that is not reversible. In others, the deformation is elastic and/or reversible. In 
addition, apex 706 may distort a small amount, this distortion may also include a cupping, 
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along an axis that continues bifurcation point 704 along the direction of the fingers. Possibly, 
this cupping accommodates twist behavior of the fingers. In general, some distortion of apex 
706 is expected due to its function in coupling the distortion of the two fingers and its 
accommodation of opposing forces from the fingers. However, such distortion is generally 
5 negligible with regard to the function of element 700. 

Referring back to Fig. 7, various dimensions of element 700 may be varied, to achieve 
various effects, in accordance with exemplary embodiments of the invention. D3, for example, 
the distance between the top hinge and bifurcation point 704 (and related to it, the distance 
between the fingers), may define the lever applied towards distorting apex 706. In general, the 
1 0 smaller the better, if no distortion is desired. 

D2, the distance between upper and lower hinges, is the part of element 700 that is 
neither at the final flaring angle nor at the stent plane. This length may depend on the 
application, for example, longer for oblique angles between blood vessels. In addition, the 
shorter D2 is, the greater the flaring effect of a given radial displacement of the fingers. The 
1 5 flaring effect is also determined, at least in part by the angle of the hinges relative to the plane. 

Dl, the distance between the base of the fingers and the lower hinges, may depend, for 
example, on a desire to have the attachment at the base distort when the flaring is completed 
and radial expansion continues. The longer Dl is, the greater the lever for distortion, 

D4, for example, may help determine the strain on the material. Making D4 larger 
20 distributes the strain over a greater area. 

D5, for example, may define, the extent of the flaring. In addition, suitable selection of 
D1-D3 may be used to define a target shape of the stent for a certain expected expansion 
situation. 

While shown mirror-symmetrical, fingers 708 and 709 need not be symmetric. In one 
25 example, finger 709 is replaced by a wire, which can freely distort. This will limit the 
movement of the tip of finger 708, but since it will not bend exactly at hinge points, the 
distortion will be different. This may find use, for example, by an aperture being defined 
perpendicular to the stent axis and between the wire and the finger. Asymmetrical fingers can 
also be used to support twisting of fingers (relative to themselves and/or the device plane), 
30 which may be useful, for example, if the fingers include barbs that are thus twisted to engage 
or disengage adjacent tissues or structures. 

In another example, finger 709 has hinge 712 closer to its base than hinge 710 is to the 
base of finger 708, this will- cause bending to the side of the flaring. In another example, the 
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fingers have different numbers of hinges and/or different types, for example, finger 709 has 
only a centered non-oblique hinge (e.g., parallel or perpendicular to the plane of the finger). 

While two hinges are shown, a greater number of hinges may be used as well, for 
example, three or four. 

5 As noted elsewhere in the application, varying the hinge locations, lengths D1-D5 

and/or hinge angles may be used to vary the flaring properties, for example, the ratio of flaring 
to expansion, flare diameter and/or the final flaring, optionally within a single stent, to provide 
an asymmetrically flaring stent. 

Alternatively or additionally to setting hinge locations, in an exemplary embodiment of 

10 the invention, a preferred hinge angle is set by a design process. Alternatively, hinges with a 
range of possible bending directions are provided. In an exemplary embodiment of the 
invention, the design process is as follows. First, a desired flaring end result is defined and 
then a search is made, for example, using methods known in the art, for device parameters that 
will match that result. In one example, a search is made on the space defined by the parameters 

15 of hinge location, assuming that the hinges are can bend in any direction. Then a preferred 
hinge direction is determined by selecting a hinge direction in which the strain on the hinge is 
minimal, for example along the bending process and/or at some point of the bending process. 
Other selection methods may be used as well, for example, searching for a hinge angle at 
which the stress is always below a threshold. In some cases, an analysis is made for the process 

20 of bending as well, for example to ensure that the force relative to the moment of inertia of the 
hinge is always sufficiently greater than at other parts of the stent to prevent undesired 
distortion. In an exemplary embodiment of the invention, vector analysis is used to assist in 
designing the flaring section. 

Referring back to Fig. 7, an example of a non-stent and non-cylindrical device is a clip, 

25 formed by attaching two elements 700 base to base. When the fingers are pried apart at the 
base, the edges bend and can meet (depending on the parameters chosen). To remove the clip, 
the fingers are approximated at the base and the clip unbends. This is also an example that 
shows that the out of plane distortions can be retracted. This may find use if a bifurcation stent 
is to be removed and the stent includes a contraction mechanism, for example cooling a shape 

30 memory stent This can be used for example to anchor an electrode. 

It should be noted that the above described structure can bend when the two "fingers" 
are moved towards each other. For example, in the structure of Fig. 7, the spacing between the 
fingers is made bigger and the hinges are arranged opposite of what is shown. Then, bringing 
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the fingers towards each other, will have the effect of bending the fingers out of plane. This 
bending is limited by the distance, if the fingers are configured to abut each other and then 
stop. Alternatively, the fingers may slide past each other. 

It should also be noted that moving the fingers can also straighten the fingers, for 
5 example, if the fingers are pre-bent, at one or more locations thereof. 

It should also be noted that in some designs, if the fingers encounter resistance to 
bending, this resistance may be transmitted back to cause resistance to moving apart of the 
fingers. In a stent, this may cause a greater expansion of a different part of the stent, with 
greater flaring there. This mechanism may also be used, for some flaring angles and stent 
1 0 designs, for collapsing a stent incorporating the flaring, by compressing the flaring. 

Figs 9A-9F illustrate schematically various out of plane distortion designs for deployed 
implants, in accordance with an exemplary embodiment of the invention. 

Fig. 9A shows a flaring smaller than 90 degrees, for example, 89 80, 70, 50, 45, 30 or 
any intermediate or smaller number of degrees. These angles are exemplary of some types of 
1 5 bifurcation in the vascular system. 

Fig. 9B shows a flaring of 90 degrees. This maybe useful, for example, in the aorta, for 
cardiac arteries. 

Fig. 9C shows a flaring greater than 90 degrees, for example, 91, 100, 110, 130, 140, 
150 or any intermediate or greater angle. These are also exemplary values for bifurcation and 

20 also, in some cases, provided better anchoring by forcing the flared portions into the tissue, hi 
some cases, more than two hinges per finger may be required, for example, three or four. The 
examples of Figs. 9A-9C may be combined to provide a stent with an oblique flaring. In an 
exemplary embodiment of the invention, a radio-opaque marker is used so that the orientation 
of the stent can be determined from outside the body. 

25 Fig. 9D shows an example where the flaring curls on itself. This may be useful, for 

example, when anchoring to the end of a tubular element or to prevent sharp edges from 
protruding away from the stent. 

Fig. 9E shows an example where a stent is expanded at its center, for example, to assist 
in anchoring. In an exemplary embodiment of the invention, the widening comprises two rings 

30 of hinge areas 950 and 952, facing each other. In an exemplary embodiment of the invention, a 
section 954 between the rings comprises wave segments, which can axially elongate to 
compensate for axial shortening caused by flaring. In one implementation, the upper hinges of 
the hinge areas are on the opposite face of the stent, so that section 954 remains is in a plane 
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parallel to the stent plane. This structure may also be used for an end of a stent, for example to 
define a cone or two diameter stent. 

While the plane of the hinges is shown to be perpendicular to the stent axis, it can also 
be oblique or even not define a plane, for example defining two planes or being irregular, for 
5 example as shown below This may find use for some configuration of desired flare angle and 
flare profile. 

Fig. 9F shows an example of a stent having side opening. In an exemplary embodiment 
of the invention, this opening is created by a ring of flare areas defined on a side wall of a 
stent, instead of around its circumference. The different flaring elements may use different 

10 degrees of response to expansion and final position, for example to compensate for the 
different amounts of expansion and angles at different stent locations. In an exemplary 
embodiment of the invention, this stent design is used for a bifurcation stent, for defining an 
opening into a side vessel and/or for assisting in axial and/or rotational alignment of the stent, 
if it flares out sufficiently prior to complete expansion. It should be appreciated that in some 

15 stents, radial expansion does not affect axial dimensions. Thus, a flaring element attached to 
the stent at 9 o'clock of the side opening (assuming the stent is pointed at 12 o'clock) may 
experience no separation of its fingers and thus no flaring. In an exemplary embodiment of the 
invention, the two fingers are attached to different angular sections of the stent (e.g., at same or 
different axial positions along the stent), which move apart during expansion. Alternatively or 

20 additionally, the fingers are attached obliquely, e.g., at 8 o'clock for a 9 o'clock flaring 
element. 

In some embodiments of the invention, the flared sections are pre-bent, for example 
along the device axis and opposite to the curve of the stent This may be used to accommodate 
curvature of a surface that the flaring section is in contact with. 

25 Figs. 10A-10F illustrate various voids and void series for supporting a distortion 

mechanism in accordance with exemplary embodiments of the invention. 

Fig. 10A shows a simple wedge hinge, where a triangular section of material is 
removed from a stent, at an oblique angle to the stent plane. In this design, the moment of 
inertia of a unmodified part of the stent is I=bh3/12, where b is the width and h the thickness 

30 of an element in which a hinge is formed. Assuming b=h, we get I=b4/12. Assuming the hinge 

is a simple diagonal cut, the moment of inertia is I=b 4 /101 .8, which indicates that substantially 

all the forces (and thus the distortion) will be focused at the hinge. In some embodiments of 

the invention, the narrower the slot, the more efficient the force redirection (e.g., less stress 
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outside the hinge). Optionally, sharp edges, if any, are smoothed or cut away, for example, to 
prevent potential damage to a nearby blood vessel, balloon and/or other natural or unnatural 
structure and/or to prevent stress concentrations in the structure. 

Various oblique angles may be provided for the hinges, for example, the hinge may 
5 have a preferred bending direction that is between 10 and 90 degrees relative to a device plane. 
Other angles may be provided as well, for example, greater than 20, 30, 40, 60 degrees, or 
smaller than 70 degrees, or any intermediate values. The hinge may also be oblique to an axis 
of a structural element in which it is defined, for example having an angle of less than 90, 80, 
70, 60, 50 or any intermediate or smaller angle between a plane of the hinge bending and the 
1 0 axis of the structural element. 

In some cases, a smooth cut may be more difficult to make. Instead, a stepped slot may 
be made, for example, as shown in Fig. 10B. 

In some case, an oblique cut is replaced by a series of two or more non-oblique cuts, 
one in the stent plane and one perpendicular to it. This is shown for example in Figs. 10C and 
15 1 OF (a complete exemplary flaring element). 

Alternatively or additionally to cuts, hinge definition may be by drilling holes, for 
example as shown in Fig. 10D. The holes may be oblique or perpendicular and/or in more than 
one plane. The various types of hinge definition methods may be combined, as well. For 
example, a hinge may be defined using both slots and holes. Alternatively or additionally, 
20 holes may be drilled through a hinge to reduce stress while bending and/or allow material 
flow. 

In some embodiments of die invention, a hinge is defined using a cut that is oblique to 
the axis of the cut element and thus oblique to one or both non-end planes of the element, for 
example as shown in Fig. 10E. While mainly straight cuts are shown, cuts may be curved, for 
25 example, scalloped and crescent shaped voids that are removed. 

Alternatively or additionally to using cuts and voids to weaken an element and define a 
joint, various metallurgical treatments may be used, for example, annealing and acid baths. 
Cold working and hardening may be selectively applied to non-hinge areas. In some cases, 
annealing may be used in addition to increase the plastic deformation range (e.g., elongation) 
30 of a hinge. 

In an exemplary embodiment of the invention, stent 300 is manufactured from a tube 
that is cut with a laser a water jet, e-beam, plasma beam or acid etching as known in the art, or 
formed of a plate that is rolled and welded into a cylinder. Optionally, the same methods are 
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used, albeit at an angle, to fonn the hinges. In chemical etching means, a varying thickness 
mask may be used on the slots. Varying thickness slots may be cut, for example, using a timed 
perpendicular cut rather than an oblique cut. However, other manufacturing methods may be 
used as well. 

5 Alternatively or additionally, the hinges are constructed, for example, by adding a 

layer, for example by depositing, welding or bonding. Stiflhess of various parts of the stent 
(e.g., at the attachment of fingers 708, 709 to the stent) may also be varied, for example by 
using non-straight cuts. 

In an exemplary embodiment of the invention, the material used can plastically deform, 

10 for example, SS 316, titanium or titanium alloys. Alternatively or additionally, a super elastic 
stent may be provided. For example, all of the flared section may be super elastic or shape 
memory or all the stent may be super elastic or shape memory. Optionally, the flaring starts out 
using a small amount of elastic, super elastic or shape memory effect, for example, to assist in 
placement of the stent before its expansion (e.g., when an over tube is retracted), by the hinges 

15 are plastically deformed. In an exemplary embodiment of the invention, the stent is designed 
so that the maximum flaring is achieved before the stent is completely expanded. This is 
optionally useful for preventing spring back from undoing the flaring and/or for preventing the 
need to over-flare. 

Fig. 10G illustrates a flaring element comprising more than two sets of hinges. In this 
20 case, four. In an exemplary embodiment of the invention, large numbers of hinges are used to 
provide a significant roll back. 

Fig. 1 1 illustrates a stent 1 100 in which a flared section 1 104 is made in the form of an 
array of closed cells, similar to a mesh, in accordance with an exemplary embodiment of the 
invention. In this embodiment, a plurality of flaring elements 1 106 are interconnected using a 
25 plurality of wires or other elements 1108. Depending on the relative length of elements 1 108 
and the flaring design of section 1104, elements 1108 may serve to limit the maximal flaring 
and/or couple the flaring of one flaring element with another. In an exemplary embodiment of 
the invention, by limiting the total amount of flaring to have a certain diameter, if one side of 
the stent cannot flare as much (e.g., it contacts vascular tissue) the other side can flare more. 
30 Optionally, elements 1108 includes an additional bend, to allow for a greater length of the 
element in the design shown. Alternatively or additionally, elements 1 108 may originally point 
away from the stent, in which direction the stent does not limit their length prior to 
deployment. Instead of a single layer of wire, two axially spaced wires may be provided. In 
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some exemplary embodiments of the invention, when a mesh is used in a flaring portion, a 
significant amount of free wire is provided, for example in the shape of folding as shown in 
Fig. 12, below, to allow for the increased diameter of the flared section. 

Fig. 12 illustrates an ostial stent 1200, in plan view in accordance with an alternative 

5 exemplary embodiment of the invention. This stent includes a cylindrical section 1202, which 
may be for example, of any type known in the art. A flaring section 1204, includes a greater 
amount of radial expansion ability in a plurality of radial links 1206. Optionally, the flaring 
shape is implemented by providing an increase (along the axis) of the available radial 
expansion ability. In an exemplary embodiment of the invention,, during deployment, a regular 

10 balloon is used, optionally one that is extends significantly beyond the flaring section. In an 
exemplary embodiment of the invention, the flaring section is made weaker, for example, by 
selective thinning or heat treatment (this may also be applied to a uniformly designed stent), so 
that as the balloon inflated, the flaring section will expand first. Alternatively or additionally, 
the balloon is designed to expand first adjacent the flaring section, for example, be comprised 

15 of two compartments. In an exemplary embodiment of the invention, the uncovered part of the 
balloon expands first, assisting in rolling open the flared section. This rolling may also be used 
in the previously described embodiments, for example, to assist in initial placement of the 
stent. It should be noted that the design of Fig. 12 may also be applied to that of Fig. 1 1, for 
example to provide multiple, axially separated, rings in a flared section. It should also be noted 

20 that one or more axial segments of the flared section may be unmodified (e.g., lacking hinges) 
or have hinges with a bending direction that does not cause out of plane motion, for example, 
all the hinges with a bending direction perpendicular to the device plane. Alternatively, the 
flaring out is achieved using a balloon which expands the flaring section directly and not 
indirectly as described for example in Fig. 3. 

25 In some embodiments of the invention, a stent or expanding structure as described 

above is used as part of a stent-graft or a stented graft, for example with a graft mounted on the 
non-flaring and/or flaring parts of the stent. Alternatively or additionally, such a stent is used 
for a prostate, with the flaring used for anchoring in the bladder, and, possibly a second, 
smaller flaring or expansion for anchoring in the urethra. 

30 It will be appreciated that the above described methods and mechanisms for bending 

out of plane may be varied in many ways, including, for example, the exact materials used for 
the devices, the direction of bending, the type of hinges and/or their numbers. Further, in the 
mechanical embodiments, the location of various elements may be switched, without 
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exceeding the spirit of the disclosure, for example, switching the moving elements for non- 
moving elements where relative motion is required. In addition, a multiplicity of various 
features, both of methods and of devices have been described. It should be appreciated that 
different features may be combined in different ways. In particular, not all the features shown 
5 above in a particular embodiment are necessary in every similar exemplary embodiment of the 
invention. Further, combinations of the above features, from different described embodiments 
are also considered to be within the scope of some exemplary embodiments of the invention. 
In addition, some of the features of the invention described herein may be adapted for use with 
prior art devices, in accordance with other exemplary embodiments of the invention. The 

10 particular geometric forms used to illustrate the invention should not be considered as 
necessarily limiting the invention in its broadest aspect to only those forms, for example, 
where a circular lumen is shown, in other embodiments an oval lumen may be used. 

Also within the scope of the invention are surgical kits which include sets of medical 
devices suitable for making a single or several stent applications. Measurements are provided 

15 to serve only as exemplary measurements for particular cases, the exact measurements applied 
will vary depending on the application. When used in the following claims, the terms 
"comprises", "comprising", "includes", "including" or the like means "including but not limited 
to". 

It will be appreciated by a person skilled in the art that the present invention is not 
20 limited by what has thus far been described. Rather, the scope of the present invention is 
limited only by the following claims. 
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CLAIMS 

1 . A deformable medical implant, comprising: 

a body defining at least two anchor points, which body is adapted to be deformed so 
5 that the two anchor points are moved relative to each other; 

at least two elongate extensions, each extension fixed to one anchor point; 
a bridge coupling at least two of said extensions to each other; and 
at least two hinges defined on at least one of said extensions, two of said at least two 
hinges having different preferred bending directions and being defined on one extension. 

10 

2. An implant according to claim 1, wherein said two elongate extensions each comprise a 
plurality of hinges. 

3. An implant according to claim 2, wherein the hinges on said one elongate extension are 
1 5 a mirror of the hinges on the other, coupled, extension. 

4. An implant according to claim 2, wherein the hinges on said one elongate extension 
have different axial locations than corresponding hinges a second, coupled, elongate extension. 

20 5. An implant according to claim 2 or claim 4, wherein at least one of the hinges on said 
one elongate extension has a hinge bending direction different from corresponding hinges a 
second, coupled, elongate extension. 

6. An implant according to any of claims 2, 4 or 5, wherein at least one of the hinges on 
25 said one elongate extension has a resistance to bending different from corresponding hinges a 

second, coupled, elongate extension. 

7. An implant according to claim 1, wherein only one of said at least two elongate 
extensions comprises a plurality of hinges. 

30 

8. An implant according to any of claims 1-7, wherein at least two of said plurality of 
hinges have bending axes that are oblique to a device plane of said body, said device plane 
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being a substantially two-dimensional mathematical surface conforming to the general 
geometry of the device. 

9. An implant according to any of claims 1-7, wherein at least one of said plurality of 
5 hinges has a preferred bending direction in a device plane of said body, said device plane being 

a substantially two-dimensional mathematical surface conforming to the general geometry of 
the device. 

10. An implant according to claim 9, wherein at least one of said plurality of hinges has a 
10 preferred bending direction perpendicular to a device plane of said body, said device plane 

being a substantially two-dimensional mathematical surface conforming to the general 
geometry of the device. 

11. An implant according to any of claims 1-10, wherein said hinges are arranged to 
15 cooperate with said bridge to bend said extensions in a direction including a component 

perpendicular to a device plane of said body, when said anchor points are moved apart, said 
device plane being a substantially two-dimensional mathematical surface conforming to the 
general geometry of the device. 

20 12. An implant according to claim 1 1, wherein said hinges are arranged to bend at least one 
of said extensions at at least two points, in different directions. 

13. An implant according to claim 11, wherein said hinges are arranged to bend said 
extensions at least 45 degrees away from said device plane. 

25 

14. An implant according to claim 11, wherein said hinges are arranged to bend said 
extensions at least 80 degrees away from said device plane. 

15. An implant according to claim 11, wherein said hinges are arranged to bend said 
30 extensions at least 90 degrees away from said device plane. 

16. An implant according to claim 11, wherein said hinges are arranged to bend said 
extensions at least 120 degrees away from said device plane. 
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17. An implant according to any of claims 1-16, wherein at least one of said hinges 
comprises cuts in said extension. 

5 18. An implant according to any of claims 1-17, wherein at least one of said hinges 
comprises a weakening in a position along said extension. 

19. An implant according to any of claims 1-18, wherein at least one of said hinges 
comprises a bore in said extension. 

10 

20. An implant according to any of claims 1-19, wherein said extensions extend axially 
away from said body, prior to moving apart of said anchor points. 

21. An implant according to any of claims 1-19, wherein said extensions extend axially 
1 5 towards said body, prior to moving apart of said anchor points. 

22. An implant according to any of claims 1-21, wherein said bridge is defined at an end of 
said extensions. 

20 23 . An implant according to any of claims 1 -22, wherein said bridge is deformable. 

24. An implant according to claim 23, wherein said bridge is more resistant to bending 
than said hinges. 

25 25. An implant according to any of claims 1-24, wherein said hinges are plastically 
defoimable. 

26. An implant according to any of claims 1-25, wherein said plurality of hinges comprise 
at least three hinges on a single extension. 

30 

27. An implant according to any of claims 1-26, wherein said body is cylindrical. 
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28. An implant according to any of claims 1-27, wherein said implant is adapted for 
implanting in a blood vessel. 

29. An implant according to claims 1-28, wherein said implant is a stent. 

5 

30. An implant according to claim 29, comprising a plurality of extensions such that said 
plurality of extensions define a flared section for said stent. 

31. An implant according to claim 30, wherein said flaring is symmetric. 

10 

32. An implant according to claim 30, wherein said flaring has an axis that is at an angle to 
an axis of said stent. 

33. An implant according to claim 30, wherein said flaring comprises a coupling between 
15 different extensions such that a flaring angle at one side of the flare compensate for a flare 

angle at another side of the flare. 

34. An implant according to claim 30, wherein said flaring is defined on a side of said 
stent. 

20 

35. An implant according to claim 34, wherein said flaring has an axis generally 
perpendicular to an axis of said stent. 

36. An implant according to claim 34, wherein said flaring is generally cylindrical. 

25 

37. An implant according to any of claims 30-36, wherein said stent is a mesh stent. 

38. An implant according to claim 37, wherein said flared section is a mesh. 

30 39. A method of distorting a medical implant structure having two extensions coupled at a 
point thereof, comprising: 

changing the relative position of two points on said extensions that are distanced from 
said coupling point; 
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transforming, using a plurality of pre-defined hinges, tension forces applied by said 
changing into forces that bend said structure in a plane outside of a plane defined by said 
changing and by at least a planar portion of said extensions. 

5 40. A method according to claim 39, wherein said structure is cylindrical. 

41. A method according to claim 40, wherein said changing is applied by radially 
expanding said cylindrical structure. 

10 42. A method according to claim 40 or claim 41, wherein transforming comprises flaring 
out said extension to more than 50 degrees relative to an axis of said cylinder. 

43. A method according to claim 42, wherein said flaring includes a change in angle 
relative to said axis, along said extensions. 

15 

44. A method according to any of claims 39-43, wherein said medical implant is inside a 
body during said changing and transforming. 

45. A method of implanting a stent, comprising: 
20 conveying a stent to a bifurcation location; 

extending at least one advance limiter which is not part of said stent; 
advancing said stent until said advance limiter contacts a vessel of said bifurcation of 
other than a vessel in which said stent is to be implanted; and 
expending said advanced stent. 

25 

46. A method according to claim 45, wherein extending comprises expanding a mechanical 
structure. 

47. A method according to claim 45, wherein extending comprises inflating an inflatable 
30 structure. 

48. A catheter including an advance limiter, comprising: 
a catheter adapted to carry a stent thereon; and 
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an advance limiter configured to selectably extend in a general direction of an axis of 
said catheter, and away from said catheter. 

49. A catheter according to claim 48, wherein said advance limiter is configured to extend 
5 in a direction of said stent and extend at least partly past a plane that is perpendicular to an axis 

of said stent. 

50. A catheter according to claim 48 or claim 49, wherein said advance limiter comprises a 
balloon structure. 

10 

51. A catheter according to claim 48 or claim 49, wherein said advance limiter comprises a 
mechanically extending structure. 

52. A catheter according to claim 51, wherein said advance limiter comprises a self- 
1 5 extending structure. 

53. A catheter according to claim 51, wherein said advance limiter comprises a manually- 
extending structure. 

20 54. A mesh stent comprising: 

a cylindrical body adapted to be inserted in a body and stent a blood vessel; and 
a mesh flared section adapted to flare out to more than 90 degrees without tearing of 
said mesh. 

25 55. A stent according to claim 54, wherein said flared section comprises a plurality of 
radially expandable sections and wherein said radially expandable sections each includes a 
wire section with one or more bends and wherein a length of wire in said sections increases 
when going in a direction away from a center of said body. 

30 56. A stent according to claim 55, wherein a number of said bends increases in said 
direction. 

57. A stent according to any of claims 54-56, wherein said stent is cut from a sheet or tube. 
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